We present measurements of the temperature and field dependencies of the magnetization M (T, H) of Nd(O0.89F0.11)FeAs at fields up to 33T, which show that superconductivity with the critical temperature Tc ≈ 51K cannot coexist with antiferromagnetic ordering. Although M (T, H) at 55 < T < 140K exhibits a clear Curie-Weiss temperature dependence corresponding to the Neel temperature TN ≈ 11−12K, the behavior of M (T, H) below Tc is only consistent with either paramagnetism of weakly interacting magnetic moments or a spin glass state. We suggest that the anomalous magnetic behavior of an unusual high-field paramagnetic superconductor Nd(O1−xFx)FeAs is mostly determined by the magnetic Nd ions.
We present measurements of the temperature and field dependencies of the magnetization M (T, H) of Nd(O0.89F0.11)FeAs at fields up to 33T, which show that superconductivity with the critical temperature Tc ≈ 51K cannot coexist with antiferromagnetic ordering. Although M (T, H) at 55 < T < 140K exhibits a clear Curie-Weiss temperature dependence corresponding to the Neel temperature TN ≈ 11−12K, the behavior of M (T, H) below Tc is only consistent with either paramagnetism of weakly interacting magnetic moments or a spin glass state. We suggest that the anomalous magnetic behavior of an unusual high-field paramagnetic superconductor Nd(O1−xFx)FeAs is mostly determined by the magnetic Nd ions. The recently discovered superconductivity in the family of doped oxypnictides [1] exhibits an unusual coexistence of the rather high critical temperature T c ≃ 26 − 57 K with strong antiferromagnetic (AF) correlations and apparent magnetic ordering. Indeed, neutron [2, 3] , µSR [4, 5] , NMR [6, 7] and Mossbauer [8, 9] measurements have revealed complex magnetic structures including a spin density wave AF instability at T N ≃ 140 − 150 K accompanied by the resistivity drop and monoclinic distortions of the tetragonal lattice of the parent semimetal compound [10] . Doping with F or O reduces T N and seemingly eliminates manifestations of the AF ordering in the temperature dependence of the resistivity ρ(T ) in oxypnictides with the optimum T c [11, 12] . This behavior poses a fundamental question if the AF ordering is merely a consequence of the nesting of the Fermi surface in the parent semimetal or it does play a major role in superconductivity. Recent theoretical models have proposed that magnetic correlations are instrumental for the unconventional superconductivity in oxypnictides [14, 15, 16, 17, 18] , which may also be important for understanding their extremely high upper critical fields H c2 [19, 20] .
In this Letter we address the specific form in which the magnetic correlations manifest themselves both in the normal and superconducting state of the Nd(O 1−x F x )FeAs using high magnetic fields H up to 33T capable of destroying any global AF state with T N < µ B H/k B ≃ 22 K, where µ B is the Bohr magneton. Our measurements of the magnetization M (T, H) in a wide range of fields 0 < H < 33 T and temperatures 5 < T < 140 K have shown a strong paramagnetic contribution in M (T, H) both at T > T c and T < T c . In the normal state M (T ) exhibits a clear Curie-Weiss temperature dependence with an apparent Neel temperature T N ≃ 11 − 12 K, which might suggest a coexistence of superconductivity and antiferromagnetism. However, our data at T < T c show instead that M (T, H) in the superconducting state is inconsistent with a long-range AF ordering, indicating that superconductivity effectively cuts off the AF interaction between magnetic moments evident at T > T c . We suggest that Nd(O 1−x F x )FeAs may be regarded as a paramagnetic superconductor with unusual magnetic behavior different not only from conventional superconductors but also from La(O 1−x F x )FeAs oxypnictides. This difference may result from a large magnetic moment µ = 3.62µ B of a free Nd 3+ ion (µ = 3.58µ B for Pr 3+ ), as compared to µ = 0 for La 3+ and µ = 0.8µ B for Sm 3+ [21] . Thus, m(T, H) of Nd(O,F)FeAs is mostly dominated by the Curie-Weiss behavior of Nd 3+ , while contributions from Fe 3+ with µ = 0.25 − 0.35µ B [2, 3] and temperature-independent van-Vleck and Pauli paramagnetism become negligible.
The Nd(O 0.89 F 0.11 )FeAs polycrystalline samples were made as described in Ref. [13] . The sample with approximate dimensions of 1.4 × 1 × 0.5 mm 3 , volume V ≈ 0.7 mm −3 and weight ≈ 4.5 mg had ρ(T c ) ≈ 0.53 mΩcm, T c ≈ 51 K, and about 90% of the theoretical density, 7.213 g/cm 3 . The magnetic susceptibility χ(T, H) and magnetic moment M (T, H)V were measured by SQUID magnetometer, Vibrating Sample Magnetometer (VSM) in a 14T superconducting magnet and a resistive 33T magnet at NHMFL. Shown in Figs. 1 and 2 are the zero field cooled (ZFC) and field cooled (FC) M (T ) curves, which change radically upon increasing field. For H = 10mT, M (T ) exhibits a standard superconducting behavior with the diamagnetic onset close to T c . However, increasing field to a rather modest value of 0.5T (given H c2 (0) ∼ 50−100T for oxypnictides [19] )), shrinks the irreversible diamagnetic loop, while significantly increasing the paramagnetic component of M (H). Further increase of H to 1.5T, practically eliminates the differ- ence between the ZFC and FC curves, both exhibiting a strong paramagnetic behavior. To interpret our data we used the mean-field AF theory in which two magnetic sublattices with the magnetizations M 1 and M 2 are controlled by the molecular fields H 1 = H + aM 1 − bM 2 and H 2 = H + aM 2 − bM 1 , where a and b quantify the exchange interaction with nearest neighbors of the same spin sublattice (a) and the sublattice with the opposite spins (b) [21] . J is the maximum magnetic quantum number. Expansion of B J (µB i /T ) in µH i /T at T ≫ T N gives the linear temperature dependence for 1/χ(T, H) = H/M :
Here
2 , and χ(T * ) = 9JT m /(J +1)µM 0 , T m = γT N where γ = (b−a)/(b+a) < 1. Eq. (1) describes the data in Fig. 3 well, allowing us to estimate the density n of magnetic moments µ, which can provide the observed χ. Taking χ 0 = nµ 2 /3T m = 1/395 from the inset of Fig. 3 , T m = 12 K, and µ = 3.62µ B for Nd 3+ [21] , we obtain n = 3T m χ 0 /µ 2 ≃ 1.5 × 10 22 cm −3 , close to the density of Nd atoms. Since the strong paramagnetism above T c is only consistent with an atomic density of magnetic moments µ ≃ 3 − 4µ B , Fe 3+ with much smaller µ ≃ 0.25 − 0.35µ B [2, 3] can only add a few percent to χ ∝ µ 2 . The crystalline field splits the degenerate orbital term of Nd 3+ [21, 22] into terms with spin moments µ smaller than µ of the free Nd 3+ but with n greater than the atomic density. We consider breakdown of AF by strong fields using a simple model, in which only spin degrees of freedom contribute to M , so the mean-field equations, 2M 1 = M 0 tanh(µH 1 /T ) and 2M 2 = M 0 tanh(µH 2 /T ) can be reduced to the following parametric equations 
For H > H p , the magnetization in the paramagnetic phase is described by
Shown in the inset of Fig. 4 are m(h) and l(h) curves calculated from Eqs. (2)- (6) for high (θ = 5/11) and low (θ = 0.1) temperatures. At high temperatures m(h) has an upward curvature at H < H p and the downward curvature above the second order phase transition field H p at which L(H) vanishes. At low temperatures, m(h) and l(h) become multivalued, indicating hysteretic first order metamagnetic transitions due to spin flip in the sublattice with m antiparallel to H. One can immediately see a very different behavior of the mean-field M (H) as compared to the observed M p (H). Indeed, all M p (H) curves exhibit downward curvatures and can be described well by the Brillouin function M = M 0 tanh(µH/T ) with M 0 = µn, µ = (0.67 − 0.85)µ B and n = (2 − 3) × 10 22 cm −3 (the full set of fit parameters is given in the caption of Fig. 4) . These values of n are about 2 times higher than the density of Nd 3+ in Nd(O,F)FeAs, which may indicate splitting of the 4 I 9/2 ground term of Nd 3+ into different spin levels. Yet M p (H) shows no long-range AF behavior below T c , otherwise m(H) would be significantly depressed at H < H p , as depicted in the inset of Fig. 4 . For example, if T N = 11K, θ = 5/11, µ = 0.8µ B , and γ = 0.5, Eq. (5) yields the field H p ≃ 16T required to destroy the AF state. However, M (H) in Fig. 4a exhibits neither the downward curvature nor metamagnetic transitions characteristic of the mean-field behavior at H < H p , while the data in Fig. 4b exhibit no sign of this behavior on a greater magnetic field scale either. Therefore, the long-range AF ordering below T c is inconsistent with our data, in agreement with the conclusion drawn from neutron scattering measurements on La(O,F)AsF [2] . At the same time, the Brillouin function for noninteracting spins gives a good description of the observed behavior of M (T, H) at T < T c , particularly the saturation of M (H) at higher H and decreasing the low-field slope of M (T ) ∼ µ 2 nH/T as T increases. In polycrystals M (T, H) should be averaged with respect to easy magnetization directions in randomly oriented crystallites. For a uniaxial magnetic anisotropy and uniform distribution of easy magnetization axes inclined by angles θ with respect to H, we have,M = 1/2 , where K is the energy of magnetic anisotropy [21] . Now we discuss possible mechanisms behind the observed effects. The first candidate would be paramagnetism of Nd 3+ ions whose exchange interaction is mediated by conducting electrons on the AsFe planes. As follows from Fig. 3 , this interaction could provide the AF ordering in the normal state below T N = T m /γ ∼ 10−20K with γ < 1. However, the superconducting transition in the AsFe planes sandwiched between Nd(O,F) planes occurs at temperatures T c > T N effectively cutting off the 3D RKKY interaction [23] of Nd ions from different planes and reducing T N of the 2D XY moments of single Nd planes to zero. This may explain why the simplest Brillouin function describes our data so well. Since the paramagnetic signal is so strong that the density of the magnetic moments n ∼ (2 − 3) × 10 22 cm −3 is comparable to the atomic density of Nd ions, we can rule out that the behavior of M (T, H) is controlled by a small fraction of partially reacted magnetic second phases.
Our high field measurements enable us to set a lower limit for T N of AF ordered Fe 3+ sublattice. In this case the longitudinal susceptibility χ at low T and H < H p is dominated by paramagnetism of Nd ions. However, as H becomes of the order of T N /µ the AF magnetization of the Fe sublattice becomes strongly nonlinear, exhibiting metamagnetic or spin flop transitions, which would manifest themselves in jumps on m(H) curves. Since no sign of such behavior has been observed up to H max = 33 T, the long-range AF order can only be consistent with our results if H p given by Eq. (5) is greater than H max , thus T N ≫ T p , where H p (T p ) = H max . For H max = 33T , µ = 0.35µ B [6, 7] , T = 20 K and γ = 0.5, Eq. (5) gives T p ≈ 21 K. However, T N much greater than 21K would be hard to reconcile with the Curie-Weiss behavior in Fig. 3 with T m = γT N ≈ 11 − 12 K, unless γ ≪ 1.
Another possibility is a spin-glass state for which m(H) generally exhibits the behavior similar to that in the left inset in Fig. 4 with a broadened cusp around H p and possible kinks and hysteretic jumps [24] . Yet the behavior resembling that of M (H, 4.2K) has also been observed on some metallic spin glasses, although on a much smaller field scale [24] . Such a spin glass state could result from Nd ions and weakly coupled AF clusters of Fe 3+ , so thatM = M 0 ∞ 0 F (µ i ) tanh(µ i H/T )dµ i where the distribution function F (µ i ) can be expressed in terms of the distribution function of cluster sizes. This mechanism may also contribute to the fractional moment µ = ∞ 0 µ i F (µ i )dµ i obtained from the fit in Fig. 4 . AF clusters of Fe 3+ around oxygen vacancies were reveal by the Mossbauer spectroscopy of Sm0 1−x F x FeAs [9] .
In conclusion, doped Nd(O,F)FeAs can be regarded as a paramagnetic superconductor in which magnetization is dominated by the Curie-Weiss paramagnetism of the rare earth ions. Our high field magnetization measurements have shown no long-range antiferromagnetic order below T c despite noticeable AF correlations above T c .
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